1. Introduction
===============

Globally, 38 million people were living with HIV (PLWHIV) in 2018, with over half residing in Eastern and Southern Africa.^\[[@R1]\]^ One of the greatest successes in HIV has been the introduction of highly effective antiretroviral therapy (ART) which has resulted in a decrease in opportunistic infections, a decline in HIV-related mortality and increased survival among PLWHIV.^\[[@R2]--[@R4]\]^ The life expectancy of PLWHIV who are virally suppressed on ART is nearly that of those who are HIV-negative.^\[[@R5]\]^ Consequently, an estimated 16% of PLWHIV were aged 50 and above in 2016 and is projected to increase to 21% by 2020.^\[[@R6]\]^ In 2016 approximately 80% of PLWHIV over the age of 50 lived in low-and middle-income countries and sub-Saharan Africa (SSA) will continue to bear the greatest burden of aging PLWHIV in the future.^\[[@R6]\]^ As PLWHIV live longer, risk of chronic non-communicable diseases such as cardiovascular disease (CVD) increases, posing new challenges to health care systems.^\[[@R7],[@R8]\]^ In several studies in the US and Europe, PLWHIV had up to a two-fold increased risk of incident atherosclerotic CVD (ASCVD) compared to those without HIV infection.^\[[@R9]--[@R15]\]^ Based on this, HIV may account for nearly 25% of the CVD burden in parts of SSA, the highest population attributable fraction globally.^\[[@R9]\]^

HIV has been associated with increased risk of traditional CVD risk factors such as smoking, harmful alcohol use, reduced physical activity, unhealthy diets, hypertension and diabetes in high income countries.^\[[@R16]--[@R20]\]^ In addition to these traditional risk factors, PLWHIV may be at increased CVD risk due to HIV-related inflammation and immune activation, or due to use of ART-induced dyslipidemia, insulin resistance, and glucose intolerance.^\[[@R10]--[@R12],[@R21]\]^ Metabolic syndrome (MetS), is defined as a cluster of CVD risk factors including raised blood pressure, dyslipidemia (raised triglycerides and lowered high-density lipoprotein cholesterol \[HDL-C\]), hyperglycemia, and central obesity.^\[[@R22]\]^ Individuals with MetS are at approximately two-fold increased risk of CVD compared to their controls.^\[[@R23],[@R24]\]^ While some studies in SSA have demonstrated increased diagnosis of MetS among PLWHIV^\[[@R25]--[@R28]\]^ results have been inconsistent.^\[[@R29]\]^

Since MetS is a significant predictor of CVD, it can be used to identify patients who may benefit from interventions to reduce CVD risk.^\[[@R30]--[@R34]\]^ Risk scores can also be used to predict future CVD events. The Atherosclerotic CVD (ASCVD) risk score, is a multivariable race and sex-specific risk factor algorithm incorporating age, total and HDL-C, systolic blood pressure, current smoking status and history of diabetes and antihypertensive treatment.^\[[@R35]\]^ The ASCVD risk score is a well validated tool, incorporating longitudinal data from across ethnic groups and continents.^\[[@R36]\]^

Despite increasing concerns of elevated risk of CVD among PLWHIV, there is limited data on CVD risk factors, MetS and CVD risk scores in SSA, a region with considerable HIV burden. We sought to define the prevalence and correlates of MetS, and its individual components, and to compare the 10- year ASCVD risk among Kenyan adults with and without HIV infection. Based upon data from Western countries, we hypothesized that PLWHIV would have a higher prevalence of MetS and a higher ASCVD risk score as compared to HIV-negative individuals.

2. Methods
==========

2.1. Study design and setting
-----------------------------

Between September 2017 and May 2018, we conducted a cross-sectional study among HIV-positive and HIV-negative women and men from Kisumu County Hospital, a tertiary, public county referral facility located in Western Kenya where HIV prevalence is high at 16.3%.^\[[@R37]\]^ CVD risk assessment is not part of the routine screening among PLWHIV and HIV-negative individuals at Kisumu County Hospital.

2.2. Study procedures
---------------------

Eligible participants had to be at least 30 years of age and live within a 50 km radius of the hospital. In addition, PLWHIV had to be engaged in care at the HIV Comprehensive Care Clinic (CCC) and taking ART for at least 6 months. PLWHIV who met the inclusion criteria and provided consent were consecutively enrolled by a study nurse from the CCC while HIV-negative participants were recruited from the HIV testing points until the sample size was reached. Human subject approval was obtained from the University of Washington Institutional Review Board and locally from the Kenyatta National Hospital (KNH)/University of Nairobi (UoN) Ethical and Scientific Review Committee. All participants provided written informed consent prior to any study procedures or data collection.

*Clinical procedures:* Using tablets, study nurse counselors interviewed all participants at the time of enrollment to collect data on socio-demographics, HIV disease status if HIV-positive, and CVD risk factors using the validated World Health Organization (WHO) STEPwise approach to chronic disease risk factor surveillance (STEPS) questionnaires modified to fit the Kenyan context.^\[[@R38]\]^ Waist and hip circumference, weight and height were measured to determine body mass index (BMI) and waist hip ratio. Two blood pressure readings on each arm and pulse were measured and averaged. Participants were asked to return the following day after fasting 8 hours for blood draw if not already fasting.

*Laboratory procedures:* Fasting blood samples were collected for quantification of lipids (total cholesterol, HDL-C, low density lipoprotein cholesterol \[LDL-C\], triglycerides) and glucose. All samples were processed to serum, frozen and stored at the Kenya Medical Research Institute (KEMRI) Lab at −80°C. Serum lipids and glucose tests were performed at the University of Washington Research Testing Services using an automated Beckman Coulter AU5812. CD4 count and viral load testing was performed at the KEMRI laboratory in Kisumu.

2.3. Primary outcomes and dependent variables
---------------------------------------------

The primary outcomes were MetS and ASCVD risk score. MetS was defined by the Consensus Criteria 2009 as any three of the following:

1.  abdominal obesity (waist circumference of \>88 cm for women and \>94 cm for men);

2.  triglycerides ≥150 mg/dL;

3.  HDL-C \<50 mg/dL for women and \<40 mg/dL for men;

4.  blood pressure \>130/85 mmHg;

5.  fasting plasma glucose ≥ 100 mg/dL.^\[[@R22]\]^

For each participant without prior history of ASCVD (myocardial infarction or stroke), we calculated their 10-year ASCVD risk score using the Pooled Cohort Equation as outlined in the 2019 American College of Cardiology (ACC) / American Heart Association (AHA) Guideline on the Primary Prevention of Cardiovascular Disease.^\[[@R35]\]^ We used the race and sex specific ASCVD risk score which includes sex, age, race, total cholesterol, HDL-C, systolic blood pressure and history of smoking, diabetes and treatment for hypertension. 10-year CVD risk was classified as low (\<5%), borderline (5 to \<7.5%), intermediate (7.5 to \<20%) or high (≥20%). Subjects were considered to be at elevated risk if their predicted risk was ≥7.5%.^\[[@R36]\]^

2.4. Statistical analysis
-------------------------

We summarized continuous variables using mean and standard deviation for normally distributed variables and median and inter-quartile range (IQR) for non-normally distributed variables. We tested for differences in patient baseline characteristics using chi-square tests for categorical subgroups and a 2-group independent means *t* test for continuous variables. We calculated the prevalence of MetS and its individual components, and determined ASCVD 10-year risk using the Pooled Cohort Equations for participants without prior atherosclerotic CVD. We used multivariable logistic regression to estimate the association between HIV and MetS and the CVD risk factors. Unadjusted and adjusted models were fit to evaluate associations with or without potential confounders including age, sex, education, current smoking, alcohol use, healthy diet (at least 5 daily servings of fruits and vegetables) and exercise (at least 150 minutes/week of moderate activity or 75 minutes/week of vigorous physical activity as per WHO recommendations). Differences in the ASCVD risk score by HIV status were assessed by the chi-square test and Wilcoxon rank sum test. We also calculated 95% confidence intervals (95%CI) and used a significance (α) level of 0.05. All analyses were conducted using Stata version 14.0 (StataCorp, College Station, TX).

3. Results
==========

3.1. Baseline characteristics
-----------------------------

Between September 2017 and May 2018, we screened 610 participants, of whom 600 were eligible and participated. We excluded two participants whose data was not available during analysis. The study enrolled 300 PLWHIV and 298 HIV-negative participants, with similar numbers of males and females in each group (Table [1](#T1){ref-type="table"}). Fasting blood samples were available for 564 (94%) of the 598 participants. Median age was 45 years (IQR 39.5, 53.0) and 40 years (IQR 31, 55) for the PLWHIV and HIV-negative participants, respectively. The majority of participants was married (74%) and employed (77%). Compared to the HIV-negative group, PLWHIV were older (*P* \< .001), less educated (*P* \< .001), and more likely to be separated, divorced or widowed (*P* = .002) (Table [1](#T1){ref-type="table"}).

###### 

Baseline characteristics of 598 study participants by HIV status.
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Among PLWHIV, the median duration on ART was 8 years (IQR 4, 10) with a median CD4 count of 512 cells/mm^3^ (IQR 364, 666) (Table [1](#T1){ref-type="table"}), and 96% were virally suppressed (viral load \<1000 copies/ ml), with 79% having a viral load \<50 copies/ml (lower detection limit), which is considered undetectable by Kenyan national guidelines.^\[[@R39]\]^ PLHIV were mostly on first line therapy (87%) (non-protease inhibitor \[PI\] regimen) with only 13% (39/300) on a second line PI-based regimen.

Out of the 598 participants, 71 (12%) self-reported prior history of hypertension (Table [2](#T2){ref-type="table"}) with only 26 (37%) being on treatment. There were 10 participants who self-reported diabetes and only 6 (60%) of them were on oral hypoglycemic agents or insulin treatment. Eight out of the 10 participants who had history of stroke and heart attack were PLWHIV.

###### 

History of cardiovascular disease diagnosis and traditional risk factors among 598 study participants.
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3.2. Traditional anthropomorphic and behavioral risk factors
------------------------------------------------------------

A third of all participants were overweight or obese with higher prevalence of obesity among the HIV-negative participants compared to PLWHIV (42 vs 27%, respectively; *P* \< .001). Abdominal obesity (assigned by waist circumference parameters) was also significantly higher among HIV-negative participants as compared to PLWHIV (*P* \< .001). Only 5% of participants smoked in the past 30 days (Table [2](#T2){ref-type="table"}), and there was no significant difference in smoking prevalence by HIV status. Alcohol consumption was also low across the entire cohort (18%) but was significantly higher among the HIV-negative participants (*P* = .010) (Table [2](#T2){ref-type="table"}).

3.3. Prevalence and association of MetS and its individual components and HIV
-----------------------------------------------------------------------------

MetS has 5 components and having 3 and more results in a diagnosis of MetS. Nearly 50% of participants presented with 1 or 2 components of MetS, while 50 participants (9%) had 3 or more individual components and were diagnosed with MetS (See Figure 1 Supplemental Digital Content 1 which illustrates the proportion of participants displaying various number of individual components of MetS stratified by HIV status). Of these 50, 42 (84%) presented with 3 components, 5 (10%) with 4, and 3 (6%) with all 5 components.

The prevalence of individual components of MetS was highest for low HDL-C (30%), followed by hypertension (29%), abdominal obesity (23%), hypertriglyceridemia (9%), and elevated fasting blood glucose (5%) (Table [2](#T2){ref-type="table"}). The prevalence of hypertension was high in both PLWHIV (22%) and HIV-negative (36%) subjects. Of note, PLWHIV had a significantly lower prevalence of hypertension (*P* \< .001) and abdominal obesity (*P* = .015) compared to HIV-negative participants (Table [2](#T2){ref-type="table"}).

Overall, the prevalence of Mets was 8.9% (50/564). The prevalence of MetS was significantly lower among PLWHIV as compared to among HIV-negative participants (Table [3](#T3){ref-type="table"}). Eighteen (6.3%) of 287 PLWHIV had MetS compared to 32 (11.6%) of 277 HIV-negative participants (*P* = .03) (Table [3](#T3){ref-type="table"}).

###### 

The association between HIV status and metabolic syndrome and its components among 564 study participants^∗^.
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After adjusting for age, sex, education, smoking, alcohol use, diet and physical activity, PLWHIV were 66% less likely to have MetS compared to HIV-negative participants (adjusted odds ratio \[aOR\] 0.34; 95% confidence interval \[95%CI\] 0.18, 0.65; *P* = .001). PLWHIV were also less likely to have elevated blood pressure (aOR 0.30; 95%CI 0.20, 0.47; *P* \< .001), abdominal obesity (aOR 0.44; 95%CI 0.28, 0.70; *P* \< .001), low HDL-C (aOR 0.61; 95%CI 0.41, 0.91; *P* = .02), and elevated fasting glucose (aOR 0.36; 95%CI 0.1, 0.83; *P* = .02) when compared to the HIV-negative participants.

HIV status and age were independently associated with MetS (Table [4](#T4){ref-type="table"}). Older participants (\>40 years) compared to younger participants (30--40 years) were more likely to have MetS. There was a 5-fold increased likelihood of MetS among those aged 40 to 49 years and those 50--59 years compared to those \< 40 years (aOR 5.32; 95%CI 2.10, 13.45; *P* = .002 and aOR 5.52 (95%CI 2.08, 14.67; *P* = .002, respectively). Among the PLWHIV in a model that in addition included CD4 count, viral load, ART duration and ART regimen, those with a CD4 count greater than 500 cells/mm^3^ were 4.5-fold more likely to be diagnosed with MetS (aOR 4.25 95% CI 1.11--16.28; *P* = .03) compared to those with CD4 count below this threshold. Other HIV-related factors such as WHO stage, viral load, duration on ART and ART regimen were not significantly associated with MetS.
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Univariate and multivariate analysis of factors associated with metabolic syndrome.
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3.4. Predicted 10-year ASCVD risk score
---------------------------------------

Out of 598 participants, we could not calculate the ASCVD risk score for 300 participants in accordance with the ASCVD risk score algorithm.^\[[@R36]\]^ These included 34 participants without blood samples, 10 with prior history of stroke or myocardial infarction, and 202 participants aged \<40 years or \>79 years. Among those aged between 40 and 79 years, the data for 53 participants was not in the range accepted for risk calculation and included 6 participants who had HDL-C \<20 mg/dL or \>100 mg/dL, 41 had a total cholesterol \<130 mg/dL or \>320 mg/dL and 6 participants with a systolic blood pressure of \<90 mmHg or \>200 mmHg.

Among the 298 participants with complete data who had ASCVD risk scores computed, 182 (61%) were HIV-positive and 116 (39%) were HIV-negative. Of these, 137 (46%) were females and median age was 52 years (IQR 44, 58).

Overall, 3% of participants (8/298) had a high ASCVD risk score of which all were males and majority were HIV-negative (7/8). A quarter of participants (68/298) were classified as borderline and intermediate risk of ASCVD. The median ASCVD risk score was lower among PLWHIV as compared to HIV-negative participants (Median 1.7%; IQR 0.7%, 3.65% and 2.95%; IQR 1.1%, 7.15%, respectively; *P* = .002) (Table [5](#T5){ref-type="table"}). PLWHIV had a lower median ASCVD score regardless of sex.

###### 

Atherosclerotic cardiovascular disease (ASCVD) risk score and risk categories stratified by HIV status and sex.
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4. Discussion
=============

We report findings of a large cross-sectional study examining prevalence and correlates of MetS and ASCVD risk scores among HIV-positive and HV-negative participants in Kenya. While studies in middle and high income countries have suggested that PLWHIV have higher CVD risk than those without HIV, we found that the prevalence of the MetS was higher among HIV-negative persons than PLWHIV; similarly, in a subset analysis of those participants \>40 years of age, 10-year ASCVD risk was significantly greater among HIV-negative persons than PLWHIV.

Overall prevalence of MetS was high in this cohort (9%), as was prevalence of its individual components. There has been mixed evidence on the prevalence of MetS among PLWHIV in Africa. A recent metanalysis in SSA found an overall prevalence of MetS of 21.5% among PLWHIV compared to 12% among those without HIV infection, however there was great variation between studies that could be due to differences in populations and definitions of MetS criteria.^\[[@R24]\]^ Other studies have reported results more consistent with those reported here, finding PLWHIV to have lower prevalence of MetS than HIV-negative adults. Jacobson et al found that PLWHIV in the Nutrition for Healthy Living study, were less likely to have MetS compared to National Health and Nutrition Examination Survey participants regardless of ART use,^\[[@R40]\]^ and Nguyen et al reported no difference between the prevalence of MetS among PLWHIV and the general population globally in a meta-analysis including a total of 65 studies across the five continents.^\[[@R41]\]^

It is intriguing that MetS is less prevalent among PLWHIV than HIV-negative adults in this study based in rural Kenya. The fact that we included only those on ART \>6 months is likely to be an important contributor; these results may reflect the success of ART, both in achieving viral suppression and reducing the contribution of HIV and HIV-related inflammation to MetS. Second, PLWHIV receive regular education on risk reduction and nutrition counseling in HIV clinics. PLWHIV in this cohort were required to be enrolled in an HIV clinic which mandates clinic visits every 3 months. HIV-negative individuals do not have similar opportunities for preventative healthcare and generally have less interaction with the health system. In addition, there is a potential of survival bias as successfully treated PLWHIV likely survive to an older age and hence may be different from HIV-negative individuals or untreated PLWHIV.

Elevated blood pressure, low HDL-C, and abdominal obesity were the most prevalent components of MetS in this cohort, findings similar to those reported by other studies in Kenya, as well as in other parts of SSA.^\[[@R42],[@R43]\]^ We also found that prevalence of these components was lower among PLWHIV compared to HIV-negative individuals. Similarly a recent meta-analysis including data from nearly 30,000 individuals in SSA reported a lower level of risk factors such as hypertension, diabetes, abdominal obesity, dyslipidemia and greater BMI among PLWHIV compared to HIV-negative adults.^\[[@R29],[@R44]\]^ Yet, despite PLWHIV having lower systolic blood pressure, total cholesterol, HDL-C and LDL-C, there was no significant difference in the prevalence of MetS by HIV status, according to Fourie et al.^\[[@R29]\]^ It is also interesting to note that rates of smoking were lower in the HIV-positive than in the HIV-negative adults in our study, contrary to findings in Western countries where there are high rates of smoking and alcohol use among PLWHIV. While traditional risk factors clearly vary with local context, the fact that half of our participants had 1 to 2 CVD risk factors, precursors for developing MetS, suggests that a large proportion would likely benefit from interventions to deter progression to MetS.

Among PLWHIV, the relationship between CD4 and MetS remains unclear. We report here that a high CD4 count was associated with increased likelihood of MetS while other HIV-related factors, including viral suppression, were not significantly associated. Similar findings were reported by Mondy et al from the United States and Bonfanti et al from Italy.^\[[@R45],[@R46]\]^ One explanation for higher CD4 count being associated with MetS is that these participants with restored immune systems have been living with HIV and on ART longer and may be experiencing cumulative effects of the disease or drugs. Of note, we found no association with the ART drugs and MetS among PLWHIV. This may be due to adoption of drugs with fewer metabolic adverse effects as part of the Kenyan national ART regimen; only a small proportion of our participants were using PI-based regimens as seen in other studies in Kenya.^\[[@R47]\]^ We did not find time since HIV diagnosis or duration of ART to be associated with MetS, however these merit further investigation. Future longitudinal studies with hard clinical endpoints, such as stroke and myocardial infarction, would help to confirm these trends in MetS and ASCVD risk scores for PLWHIV when compared to HIV-negative older adults in SSA.

Our study findings showed that PLWHIV had lower ASCVD risk scores than those who were HIV-negative. In addition, increasing age was associated with MetS, as has been noted in several African countries.^\[[@R42]\]^ Because the criteria for MetS do not include age, smoking, or total cholesterol, a combination of MetS assessment and ASCVD risk scoring could help focus on those who are at highest risk for treatment, targeting prevention among those in borderline and intermediate risk groups and potentially reducing health care costs and improving treatment outcomes.

Our study has several strengths and limitations. This is one of the largest studies in the literature that directly compares the burden of MetS and CVD risk among people with and without HIV in SSA. Our study is also different from others in that it compared PLWHIV who on stable ART and mostly with undetectable HIV viral loads, to those who were HIV-negative, a comparison that is highly relevant in the current era of universal test and treat ART programs. The main study limitations are the cross-sectional study design and the fact that the study was conducted at a single facility; these may limit its generalizability. With respect to the ASCVD risk score, since the PLWHIV were older, we found a higher proportion of PLWHIV having prior cardiovascular events and these individuals were excluded from analysis of ASCVD risk score. Excluding high risk participants who are HIV-positive could have influenced our ASCVD results, as could the fact that the ASCVD risk score is not validated for African populations.

5. Conclusion
=============

MetS prevalence was high in both HIV-positive and negative adults in western Kenya (1 in 20 and 1 in 10, respectively). Importantly, PLWHIV were less likely to have MetS and had lower ASCVD risk scores than HIV-negative participants. Together these findings emphasize the need for CVD risk assessment among people living with and without HIV infection and further longitudinal studies to determine those risk factors most highly predictive of CVD events. Early identification of persons with MetS and those at high ASCVD risk should guide decision-making regarding risk reduction strategies, such as targeting statin therapy, at the national level. This study also emphasizes the importance of advocating for additional support for integration of routine CVD screening and management into health programs in resource-limited settings, regardless of HIV status.
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